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,0002, A., technical and scientific terms used in this specification shall have the same meaning as commonly under- 
stood by P -ons of ordinary skill in the art to which the present .nvenfior , pertains. 

[0006] Associating a negatively charged compoun ' "JiSSSi ?he resulting composition is preferably char- 
endometrial c*ncer,head and neck^ 

ovarian cancer, prostate cancer and to "*"«<£5^£ ge mT«r, extracranial, hodgkin's disease, acute 
astrocytoma, ependymoma, ^^^^^SZ^ neuroblastoma, non-hodgkin's lymphoma, 
lymphoblastic leukaemia, acute myeloid Iw em, ™ au rhabdomyosarcoma, soft tissue sarcoma, su- 

osteosarcoma/malignant fibrous h,st,ocy1oma of bone « 

pratentorial primitive neuroectodermal and p.neal tumors unusual ^ ^ ^ 

gfioma. Wilms' Tumor and other childhood ^ "^SSJE* tumor, cervical cancer, childhood 
.eukaemia. adult acute myeioi ** S^iSfS* leukaemia, esophageal cancer, hairy 

central nervou^ system lymphoma, skin cance smaH-cel ' '""9 ^ g „. tic or therap eutic agent is 

[0008] Carrier refers to a diluent, adjuvant, ^.^,^^^1^ component(s) that contains, corn- 
administered. The term also refers to one '^SSSSSL ^transport of such an agent to its intended 
p,exes or is otherwise associated wrth an ac five >«"*«lto ^ e w cofflptaBSi ser um albumin. 

?SHS2ai» 

3 and 9, more preferably in a pH range of between 5 and 8 ^ e preferab , y 

[0010] A cationic amphiphile refers to an a n 8. A cationic non-single chain 

n a pH range of between 3 and 9, more preferably .n a pH W o^ejwen^ d hydropho bic hydrocarbon 

Lmph'iphile I a molecule bearing a positively charged moiety ^^^^ ofat least 12 carbons 
chains of at .east 6. preferably of at least 8, more ^^^^ £iL s P uch as cnol esterol. 
and/or which comprises hydrophobic cyclic invention (as defined below) that is 

[0011] The term "cationic lipid" is used herein , to n a pH range of between 5 and 8. The lipid will 

cationic, preferably in a P H range of bejveen 3 a d ft. Measurable by instrumentation utilized at 
be determined as being cationic when the lipid has a positive ,nm c a ng jn , ength 

3-phosphocholines; natural lipids such as egg yolk J^SnS^d^^ acid chains and the phospholipid 
phosphoethanolamines. The admixed p^^^^^ £, synthetic and natural, and mixed 

=,r s :;re= 
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excess of cationic lipids of at least 20 %, preferably at least 30 mol% and most preferably at least 40 mol% in the outer 
molecular layer. For further definition see also definition of "colloidal nanoaggregate having an overall cationic charge" 
and "liposome". 

[0013] Colloids or colloidal particles are particles or molecular aggregates dispersed in a medium in which they are 

5 insoluble and have a size between about 5 nm and 5000 nm. 

[0014] Colloidal nanoaggregate having an overall positive charge as used herein refers to a colloidal nanoag- 
gregate comprising the composition of the invention and having an excess of positively charged molecules in the outer 
molecular layer. The nanoaggregate can comprise an excess of cationic lipids of at least 20 %, preferably at least 30 
mol% and most preferably at least 40 mo!%. As an example, if the nanoaggregate contains 1 0 mol% negatively charged 

10 lipids or negatively charged taxane derivatives the amount of positively charged lipid has to be at least 30 %, preferably 
at least 40 mol% and most preferably at least 50 mol% in order to fulfill the charge requirements. 
[0015] Cryoprotectant is a substance that helps to protect a species from the effect of freezing, as for example 
during lyophilization. 

[0016] Derivative is a compound derived from some other compound while maintaining its general structural fea- 
15 tures. For example, a derivative of a taxane drug with antimitotic activity that behaves as a prodrug, which itself may 
or may not have antimitotic activity. In general, derivatives may be obtained for example by chemical functional ization 
or derivatization. 

[0017] Disease characterized by enhanced angiogenic activity refers to processes such as tissue inflammation, 
arthritis, asthma, macular degeneration, tumor growth, and diabetic retinopathy. 
20 [0018] Drug as used herein may be a pharmaceutically acceptable compound which is pharmacologically active 
and/or physiologically active substances. 

[0019] Emulsion or microemulsion refers to a system containing two immiscible liquids in which one is dispersed in 
the form of very small globules (internal phase) throughout the other (external phase). Emulsion or microemulsion can 
be a colloidal dispersion (emulsion particles or emulsion droplets) of two immiscible liquids (e.g., a liquid-liquid disper- 
25 sion). 

[0020] Homogenization refers to a physical process that achieves a uniform distribution between several compo- 
nents. One example is high-pressure homogenization. 

[0021] The term lipid is used in its conventional sense as a generic term encompassing fats, lipids, alcohol-ether 
soluble constituents of protoplasm, which are insoluble in water. Lipids compose the fats, fatty oils, essential oils, 

30 waxes, steroid, sterols, phospholipids, glycolipids, sulpholipids, aminolipids, chromolipids, and fatty acids. The term 
encompasses both naturally occurring and synthetic lipids. Preferred lipids in connection with the present invention 
are: steroids and sterol, particularly cholesterol, phospholipids, including phosphatidyl and phosphatidylcholines and 
phosphatidylethanolamineSi and sphingomyelins. If the lipid contains fatty acid moieties, they can be about 12-24 
carbon chains in length, containing up to 6 double bonds, and linked to the backbone, the fatty acids can be different 

35 (asymmetric), or there may be only 1 fatty acid chain present, e.g., lysolecithins. Mixed formulations are also possible, 
particularly when the non-cationic lipids are derived from natural sources, such as lecithins (phosphatidylcholines) 
purified from egg yolk, bovine heart, brain, or liver, or soybean. 

[0022] Liposome is a microscopic spherical membrane-enclosed vesicle (about 50-2000 nm diameter) made artifi- 
cially in the laboratory. The term "liposome" encompasses an aqueous compartment enclosed by a lipid bilayer. Lipo- 

40 somes are also referred to as lipid vesicles. In order to form a liposome the lipid molecules comprise elongated non 
polar (hydrophobic) portions and polar (hydrophilic) portions. The hydrophobic and hydrophilic portions of the molecule 
are preferably positioned at two ends of an elongated molecular structure. When such lipids are dispersed in water 
they form spontaneously bilayer membranes referred to as lamellae. The lamellae are composed of two mono layer 
sheets of lipid molecules with their non-polar (hydrophobic) surfaces facing each other and their polar (hydrophilic) 

45 surfaces facing the aqueous medium. Liposomes are formed by bilayer forming lipids, i.e. lipids where the polar and 
non polar component claim similar volume in space (e.g. PC lipids). In addition, non-bilayer forming lipids (e.g. cho- 
lesterol or stearyl amine) can be added (50 mol%). Typically, a small quantity (( 10 mol%) of a charged amphiphile or 
lipid is added to ensure colloidal stability. The membranes formed by the lipids enclose a portion of the aqueous phase 
in a manner similar to that of a cell membrane enclosing the contents of a cell. Thus, the bilayer of a liposome has 

50 similarities to a cell membrane without the protein components present in a cell membrane. As used in connection with 
the present invention, the term liposome includes multilamellar liposomes, which generally have a diameter in the 
range of about 400 nm to about 5 aem and are comprised of anywhere from two to hundreds of concentric lipid bilayers 
alternating with layers of an aqueous phase, and also includes unilamellar vesicles which are comprised of a single 
lipid layer and generally have a diameter in the range of about 20 to about 500 nm, preferably about 50 to about 300 

55 nm and most preferably about 100 to about 250 nm, which vesicles can be produced by subjecting multilamellar lipo- 
somes to ultrasound, by extrusion under pressure through membranes having pores of defined size, or by high pressure 
homogenization. Preferred liposomes are be unilamellar vesicles which have a single lipid bilayer, and a diameter in 
the range of about 25-400 nm. 
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[0 o 23] u^w^^m****^^**^^™" 

SSTSSS^ * * p^*- where one fatty acid ester has been c,eaved resu,tin9 in a 9,ycerol 

backbone bearing one free hydroxy! solution characterized by an arrangement of the 

compartment. u „„„ ae thP rhpmical stnjcture of a compound. 

0029] Negatively Charged Lipids are l.pids that have a negatov net c g . P lserjne _ phosphati . 

3 and 9. more preferably in a pH range a carboxy.ic acid group 

net charge) moiety, preferably in a pH range -J^^^^ a pH range of between 3 and 9, more 
[0031] Neutral Lipids are lipids that have a neutral nei ;m g v » ycer o-3-phosphoethanolamine, in- 
preferably in a pH range of between 5 and 8, '^^SLiXS^^ Avan'i Polar Lipids). U^- 
duding but not limited to d^ 

g|ycero-3-phosphocholines (a large family of der 7 at 7^. a ^ a " a morises , |east ^ hydrophobic hydrocarbon chains 
[0032] Anon-single chain amphiphi.e is a of at least 1 2 carbons and/or 

If at .east 6, preferably of at least 8. « such as cholesterol, 

which comprises hydrophobic cyclic "^^J £ ££5 patent, in order to determine experimentally 

[0033] Particle diameter refers to the size of a P^J^^SS (DLS) using a Malvern Zetasizer 1000 or 
partide diameters of nanopartic.es and '^^^^ in all cases parameters (refrac- 

3000 (Malvern, Herrenberg, Germany) was Pe*™ed Fo ^ ua « ^ contained cryoprotectants to a 

live index, density, viscosity) of pure water were ^^Jl^^^J^ with respect to literature data may 
certain extend. Therefore, forthe absolute numbers, a certa.n systematic deviate p g|| 

ave to be taken into account. Particle diameter " ^2 dSSStan (ISO 13321). 
measured particle sizes to a Gaussian distribu^ 

r^XsSipidisalipidcomprisingaglycerolb 

are bound to the glycerol backbone by ester bonds broa dness of the size distribution (IS0 13321). 

[0036] PI or polydispersity index ,s a ^"^^r^^^^ se e definition of "ca.ionic lipids"). 

, 5 atives of this group is paclitaxel. But ate other and SV***^***^ 

such as for examp.e docetaxeUO^esace^ 

carbonyl analogues of padrtaxel Jsee also W^JJ™ US5 202>448; US 5,200,534; US5.229.529; 
W093/10076; US5.294.637; US5,283,253; ****** >>* if^^the common chemically available paditaxel, 
and EP590.267) A taxane drug should "T^^E^^^L) and paclitaxel conjugates (e. g.. paclitax- 
so but analogues (e. g.. docetaxel or other ^"EX^MM were synthesized starting from paditaxel itself). 

55 number or by decreasing the blood vessel density ratra. 

[0042] Virtually free of a species is defined as not detecte M oy n ^ me asured with an instru- 
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potential describes the potential at the boundary between bulk solution and the region of hydrodynamic shear or diffuse 
layer. For the present invention, zeta potential measurements were performed with a Malvern Zetasizer 3000 (Malvern, 
Herrenberg, Germany). 

5 Description of Prior Art 

[0044] Taxane drugs are a class of antimitotic agents having a characteristic ring structure. One of their most prom- 
inent representatives is Paclitaxel. Paclitaxel is a natural diterpenoid isolated from the bark of the Pacific yew tree 
(Taxus brevifolia). Paclitaxel has been approved for treatment of patients with advanced ovarian cancer, breast cancer, 
10 Kaposi's Sarcoma and non-small cell lung cancers. 



[0045] Paclitaxel binds to microtubule and promotes tubulin polymerization and stabilizes the assembled microtu- 
bules. Paclitaxel blocks the cell cycle at prophase resulting in an accumulation of cells in the G 2 /M phase [Horwitz S. 
B.Ann. Oncol. 1994, 5, 3-6]. 

[0046] Unfortunately, taxane drugs exhibit a very low water solubility that limits its administration to patients. Various - 
30 reports have been published on water solubility of paclitaxel revealing values between 1 0 ^g/ml and 0.05 ^g/ml [Damen 
et al. Bioorg. Med. Chem. 2000, 8, 427-432; Wenk et al. J. Pharm. Sci. 1996, 85, 228-231]. Due to this unfavorable 
intrinsic property paclitaxel is formulated using a 1:1 mixture of Cremophor® EL (a polyethoxylated castor oil) and 
ethanol/water. However, various severe side reactions, such as hypersensitivity and hypertensive reactions, nephro- 
toxicity and neurotoxicity, have been reported in patients due to Cremophor® EL formulation [Dorr R.T. Ann. Pharma- 
35 cother. 1994,28,511-514]. 

[0047] The formulation problem of paclitaxel has been addressed by the development of more water soluble deriv- 
atives that act as prodrugs of paclitaxel. The prodrug strategy is based on a reversible chemical modification and 
thereby changed physicochemical properties leading to improved aqueous solubility. However, for each modification 
pharmacological parameters need to be adjusted. The necessary release of the active paclitaxel drug is usually ob- 
40 served by enzymatic mechanisms or hydrolysis under physiological conditions. 

[0048] Recently, syntheses and biological data of new paclitaxel derivatives with improved water solubility due to 
the linkage of a polar substituent either to the C2 - or the C7-hydroxyl group were published. Most commonly, the polar 
substituent has been attached via an ester, carbonate or carbamate functionality. 

[0049] Negatively charged derivatives have been synthesized such as C2 or C7-succinyl paclitaxel and C2'-gIutaryl 
45 paclitaxel [US4942184, Deutsch et al. J. Med. Chem. 1989, 32, 788-792]. Compared to the mono and bis-succinate 
which are not water soluble (similar to paclitaxel) the sodium salts of the acids show improved aqueous solubility. 
Damen et al. [Damen et al. Bioorg. Med. Chem. 2000, 8, 427-432] reported negatively charged C2'- and C7-malyl 
paclitaxel derivatives with aqueous solubility of 0.2 mg/ml (C2' derivative) and 0.3 mg/ml (C7 derivative). In case of 
the C2'-malyl derivative, paclitaxel release properties were found dependent on whether the compound was synthe- 
50 sized as sodium salt (no paclitaxel after 48 h) or as free acid (50% after 24 h). Moreover, the C7-malyl analogue showed 
an IC 50 value higher than that of the unmodified drug by a factor of at least 100 (MCF-7 cells) indicating that this 
modification increased water solubility but at the expense of biological activity. The C2'-malyl analogue showed com- 
parable IC 50 values to paclitaxel but the determined aqueous solubility is still too low in order to reach an administrable 
injection volume to realize a suitable dosage treatment. 
55 [0050] Neutral derivatives in which paclitaxel is linked to a polyethylene glycol moiety were synthesized by Greenwald 
et al. [Greenwald et al. J. Med. Chem. 1 993, 3, 1 761 -1 766]. The G2 - and C7-PEG derivatives were highly water soluble. 
The C2'-analogue had in vitro and in vivo activities to the same extent as paclitaxel (P388 model). 
[0051] However, in these new compounds paclitaxel is rapidly released in aqueous solutions and precipitates. This 
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limits formulation and storage of these paditoel a been used t0 formulate taxane drugs. However at- 
[0052] in order to enhance aqueous solubdrty lipos«j« n w oe success due tQ g |ow dmg 

Lpts to formulate with liposomes consisting of neutral orange l^ds have b ^ ^ ^ ^ 

to lipid ratio [Sharma et al. Cancer Lett. 1998. 107 J 65-27 71 Th e «ow "rug p ^ ^ precjpitates 

of the taxane drugs in the lipid membrane. At I^^J^^S^. 
out of me liposomal formulation [Sharma etaL^^^ 
[0053] Recentiy.ithasbeenshownthatpositive^^^ 

"present not only another variety of J^ 1 ^SS^ U S^ "h^. cationic liposomes can 
when injected into the b.ood circulate V^T^^^Sm et al. J. Pharm. Sci. 2001, 1091-1105]. 

capsulating different water-soluble paclitaxe ratio of only 3-5 mo.% when PC 
For example, using C2'-succinyl paclrtaxel they f °" n ^ iy m ™^ ""y {us 9 ually p G or stearyl amine). However, the 

Detailed Description 

acterized in the claims. ^mnnsition comprising a derivative of a taxane drug with 

[0057] Accordingly, the present *7^^^SSSS anamphiphile which has a positive net 
antimitotic activity which has a negate net chaqa (a 0 ^°™* » more ferably in a pH range of between 
charge (cationic amphiphile), prefe overcomes probes of 

The advantages of the present invention can be described as follows: 
[005S] Thetaxanedruginmenove,^ 

derivation of the taxane drug and f« to -^2S3S ar vl ly See from degradation products and from 
By means of this stabilization formulates ^^To^^An contrast thereto, these undesired products 
precipitates comprising the an.on.c taxane dmg sd 2001i 109 1-1105]. 

are formed in known paclitaxe. formulations [Campbe H t ah ^^^^M °' stable formulations com- 
[0059] The amphiphilic characteristics o he novel ""*£Z£™£ be improve d by addrtional interactions 
prising high drug amounts for most effic.en drug 

(amp*** interactions) between the d.sclos ^^^^.^ m0 . % significant lower the physical 

the taxane drug to the target s.te .n vivo The advantages i of m admjnistration . 
proved treatment efficacy such as = JjS^XSE, can also be applied to other taxane drugs 
so [0061] The present invention .s not limited to pacl.taxei or ooc for recent | y discovered 

with antimitotic activrty or even to ^P™*^ 

epothilones, which share a common ^^ a ^^" d ^iclin drugs which share a common antimitotic 
/he common pharmacophore includes <* *• binding motive at the target sites of 

activity on the same molecular bas,s and s ^.^^Me taxane drugs, epothilones A. B, C and D the 
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the C7- and/or the C2'-hydroxyl group and/or another reactive functional group of the taxane molecule. The C2'-hydroxyl 
group is preferred. In a preferred embodiment the negatively charged moiety is linked to the taxane via an ester or an 
ether bond and in an even more preferred embodiment via an ester bond. 

[0063] The negatively charged moiety can be selected from molecules having at least one acidic group such as 
carboxylic acids, e.g. selected from lactic acid, citric acid, succinic acid, glutaric acid, maleic acid, fumaric acid, malonic 
acid or adipic acid. The invention, however, contemplates the use of other acidic groups, e.g. acids containing a het- 
eroatom such as sulfur or phosphorus or others. The acids are selected such that after coupling with the taxane drug 
at least one free unreacted acid group remains. The bond between taxane and negatively charged moiety should be 
chemically stable during drug formulation, application and delivery to the biological target site. On the other hand, the 
bond should be also cleavable under predetermined conditions in order to enable a release of the taxane drug with 
antimitotic activity which should occur at the target site in a therapeutically efficient degree. Preferably, the release 
should occur substantially quantitatively. Thus the chemical modification of the taxane drug is not carried out to increase 
the water solubility but to provide a drug exhibiting increased amphophilic interactions with the cationic amphiphile. As 
disclosed above, further stabilization of the novel composition is gained from electrostatic forces between the anionic 
taxane derivative and the cationic amphiphile. 

[0064] In a preferred embodiment the inventive composition is virtually free of the unmodified taxane drug. 
[0065] The cationic amphiphile of the present invention may be selected from lipids, lysolipids or pegylated lipids 
having a positive net charge. Useful cationic lipids thereby include: 

[0066] DDAB, dimethyldioctadecyl ammonium bromide; N-[1-(2,3-dioleoyloxy)propyl]-N,N,N-trimethyl ammonium 
methylsulfate (DOTAP); 1,2-diacyloxy-3-trimethylammonium propanes, (including but not limited to: dioleoyl, dimyris- 
toyl, dilauroyl, dipalmitoyl and distearoyl; also two different acyl chain can be linked to the glycerol backbone); 
N-[1-(2,3-dioloyloxy)propylJ-N,N-dimethyl amine (DODAP); 1,2-diacyloxy-3-dimethylammonium propanes, (including 
but not limited to: dioleoyl, dimyristoyl, dilauroyl, dipalmitoyl and distearoyl; also two different acyl chain can be linked 
to the glycerol backbone); N-[1-(2,3-dioleyloxy)propyl]-N,N,N-trimethylammonium chloride (DOTMA); 1 ,2-dialkyloxy- 
3-dimethylammonium propanes, (including but not limited to: dioleyl, dimyristyl, dilauryl, dipalmityl and distearyl; also 
two different alkyl chain can be linked to the glycerol backbone); dioctadecylamidoglycylspermine (DOGS), 3p-[N-(N\ 
N'-dimethylaminoethane)carbamoyl]cholesterol (DC-Choi); 2, 3-dioleoyloxy-N-(2-(sperminecarboxamido)-ethyl)-N,N- 
dimethyl-1-propa naminium trifluoro-acetate (DOSPA); p-alanyl cholesterol; cetyl trimethyl ammonium bromide (CTAB); 
diC14-amidine; N-tert-butyl-N-tetradecyl-3-tetradecylaminopropionamidine; 14Dea2; N-(alpha-trimethy!ammonio- 
acetyl)didodecyl-D-glutamate chloride (TMAG); O.O'-ditetradecanoyl-N-ttrimethylammonioacetylJdiethanolamine 
chloride; 1 ,3-dioleoyloxy-2-(6-carboxy-spermyl)-propylamide (DOSPER); N,N,N , ,N*-tetramethyl-N,N , -bis(2-hydroxyle- 
thyl)-2,3-dioleoyloxy-1,4-buta nediammonium iodide; 1-[2-(acyloxy)ethyl]2-alkyl(alkenyl)-3-(2-hydroxyethyl)-imidazo- 
linium chloride derivatives as described by Solodin et al. (1995) Biochem. 43:13537-13544, such as 1-[2-(9(Z)-octa- 
decenoyloxy)ethyl]-2-(8(Z)-heptadecenyl-3-(2-hydroxyethyl Jimidazolinium chloride (DOTIM), 1-[2-(hexadecanoyloxy) 
ethyI]-2-pentadecyl-3-(2-hydroxyethyl)imidazolinium chloride (DPTIM), 2,3-dialkyloxypropyl quaternary ammonium 
compound derivatives, contain a hydroxyalkyl moiety on the quaternary amine, as described e.g. by Feigner et al. 
[Feigner etal. J. Biol. Chem. 1994, 269, 2550-2561] such as: 1 ,2-dioleoyl-3-dimethyl-hydroxyethyl ammonium bromide 
(DORI), 1 ,2-dioleyloxypropyl-3-dimethyl-hydroxyethyl ammonium bromide(DORIE),1 ,2-dioleyloxypropyl-3-dimetyl-hy- 
droxypropyl ammonium bromide (DORIE-HP), 1 ,2-dioleyloxypropyl-3-dimethyl-hydroxybutyl ammonium bromide (DO- 
RIE-HB), 1,2-dioleyloxypropyl-3-dimethyl-hydroxypentyl ammonium bromide (DORIE-Hpe), 1 ,2-dimyristyloxypropyl- 
3-dimethyl-hydroxylethylammonium bromide (DMRIE), 1,2-dipalmityloxypropyl-3-dimethyl-hydroxyethyl ammonium- 
bromide(DPRIE),1,2-disteryloxypropyl-3-dimethyl-hydroxyethyl ammonium bromide (DSRIE); cationic esters of acyl 
carnitines as reported by Santaniello et al. [US5498633]. 

[0067] In a preferred embodiment the cationic amphiphile is selected from a quaternary ammonium salt such as a 
N-[1-(2,3-diacyloxy)propyl]-N,N,N-trimethyl ammonium salt, wherein each acyl group preferably contains at least 6 
carbon atoms, and a pharmaceutically acceptable counter anion of the quaternary amino compound is selected, e.g. 
from the group consisting of chloride, bromide, fluoride, iodide, nitrate, sulfate, methyl sulfate, phosphate, acetate, 
benzoate, citrate, glutamate or lactate. 

[0068] Further, amphiphiles having negative and/or neutral net charges (anionic and/or neutral amphiphiles) can be 
incorporated into the composition. These can be selected from sterols or lipids such as cholesterol, phospholipids, 
lysolipids, lysophospholipids, sphingolipids or pegylated lipids with a negative or neutral net change. Useful anionic 
and neutral lipids thereby include: Phosphatidic acid, phosphatidylserine, phosphatidylglycerol, phosphatidylinositol 
(not limited to a specific sugar), fatty acids, sterols containing a carboxylic acid group, cholesterol, 1 ,2-diacyl-sn-glycero- 
3-phosphoethanolamine, including but not limited to dioleoyl (DOPE, a large family of derivatives is available form 
Avanti Polar Lipids), 1 ,2-diacyl-glycero-3-phosphocholines (a large family of derivatives is available form Avanti Polar 
Lipids), sphingomyelin. The fatty acids linked to the glycerol backbone are not limited to a specific length or number 
of double bonds. Phospholipids may also have two different fatty acids. In a preferred embodiment the neutral am- 
phiphile is diacylphosphatidylcholine. 
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and other cationic, anionic and/or neutral amph.philes. nanoaggregate comprising the inventive 

[00701 Thus,afurtheraspectofthepresentmvent.on^ 
Lmposftion andhavinganovera.1 positive charge «nte 

charged molecules in the molecular surface layer of the cd tori - "JJ^W 1 U ^ ^ 3Q mQ|% anQ 

venfive nanoaggregate comprises an excess of caUomc JJ^^^ 0 P mol% negatively charged lipids 
m0 st preferably at least 40 mo.%. As an "»^*£Zgg^ lipid has to be at least 30 %, preferably at 
or negatively charged taxane der.vat.ves the amount of pos t veiy cna g v Measurements of the 

.east 40 mol% and most preferably at least '^^^JSSSZSS^ U«* zeta " olentia,S h the 
zeta potential can be used to determ.ne the net ^^"^TO mV in about 0.05 mM KCI solution at about pH 

or less than about 50 mo.%. e.g. ^ **™£^W be determined by HPLC. 
from about 8 to 20 mol%. The amount of the taxane den ™*™ n t° f ^ 
P072] Thustheinventional.owsasign« 

of e.g. paclitaxel where a maximum amount of f^^^^Z contras t to formulations of the unmodified 

membranes a.so an increased stabi1 ^.^ taxane drug against any kind of chemica. 

taxane drug, formulations contain.ng the ^"JjJgJ baccatM1 or other degra dation products that 

degradation leading to impurities such as 7-e ^JJJJ^S or other taxane drugs, 
haw been found in known liposome fon^^ 

[00 73] The nanoaggregate of the .nvent.cn ca n be » P^^JJ to present as an emulsion droplet, a liposome, a 
ranges. Thus,nfo« 

[0074] The taxane drug derivafive does not pari ^ t,on SU ^ a ^east about 2 h, usually at least about 24 h, usually 
period of at least 0.5 h. generally at east about ^^J^SaddBto. Mm* drug orthe respective 

30 lilBBAMAatm^^m^Mm^^ b C e a ; e ^ ed C under a microscope (100-fold magnification), 
taxane drug derivative does not form ^^^^SSLi above can be incorporated as long as the 
Higher proportions of the taxane drug *™*^^^ 0 J£ Wal nanoaggregate and/or contains substanfally 
taxane drug derivative does not ^stant^part^om Substantially no taxane crystals" as used 

no taxane crystals from the taxane drug or f romth ^ about 5 %< usually less than about 2 %, typically 

35 herein generally relates to less than about 10 ^ u ^ 0 fJ ha tiane drug or of the taxane drug derivative in the 
,ess than about 1 %. and preferably less •^£^££5^ i «■** * e taxane ^ *" 
inventive nanoaggregate in the form ^ZmXX^»*- «"* ,eSS tha " 1 ° % ' ^ ^ T 

rsresE ^^»rsS5^ - *- °- 5 % ° f the taxane drug derivat,ve has 

[ogues of DOTAP or DODAP or any other ^^£g££Z£Z or any otter lipid that has a neutra. 
mo.%. more preferably of at least 40 + x , and fcrthe . D ° P ^ p most ferably up t0 60 -2x mo.% 

net charge in an amount of up to 80-2x mo.%. preferably up t 7 a ^ ^ 

45 where x mol% is the amount of the taxane drug *™^^2^Wd- nanoaggregate such as a liposome 
[0076] Itisafurtherobjectiveofthepre^ reconstituted by adding liquid, e. 

which can be freeze-dried (.yophi.ized), stored to f^^SSS^imi when and where they are to be used 
g. water to the dry lyophilisates. Reconst.tut.on of the (, y0 philization), storage and 

without losing a substantial portion of the, ^"^£££2 c'ryoproteciants can be present. Thus. 

50 restitution step. To achieve the latter one or ^J^J^StS cryoprotectant may be selected from sugars or 
preferably the nanoaggregate further comprises a ^J^^Ti* cryoprotectant is selected from treha- 
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a) providing a derivative of a taxane drug with antimitotic activity which has a negative net charge (anionic deriv- 
ative) and 

b) associating said derivative with a cationic amphiphile which has a positive net charge (cationic amphiphile) and 

c) optionally admixing at least one further amphiphile in step b) which has a positive, negative and/or neutral net 
5 charge (cationic, anionic and/or neutral amphiphile) forming a colloidal nanoaggregate with an overall cationic 

charge, as described above. 

[0079] In a preferred embodiment steps b) and c) can be performed by various methodologies, well known to ordi- 
narily skilled artisans. Sonication, vortexing, mechanical stirring, static mixing, homogenization, solvent injection, lipid 

10 film method, microti uidization, colloid mills and/or pressure emulsifiers can be used to prepare nanoaggregates. 

[0080] The preferred inventive SuccTXL-DOTAP composition may be formed in-situ during the nanoaggregate prep- 
aration. Alternatively, the nanoaggregate may be preformed and subsequently incorporated into the composition. 
[0081] The lipid film procedure comprises producing a lipid film of a cationic amphiphile, said derivative of a taxane 
drug and optionally at least one cationic, anionic and/or neutral amphiphile, drying and subsequently rehydrating. 

15 [0082] In the solvent injection method, the lipid is dissolved in a solvent and the lipid-solvent solution is injected into 
an aqueous solution. The solvent may remain in the resulting aqueous solution or may be removed, e.g. by crossflow 
diafiltration or during lyophilization [See e.g., Deameret al. Annals New York Academy of Sciences 1978, 308, 250-258]. 
In a preferred embodiment, the solvent injection procedure comprises adding an organic solution comprising a cationic 
amphiphile and optionally at least one anionic and/or neutral amphiphile and said derivative to an aqueous solution, 

20 wherein said organic solution comprises an organic solvent selected from methanol, ethanol, propanol, isopropanol, 
ethylene glycol, tetrahydrofuran, chloroform or diethylether or a mixture of these solvents. The aqueous solution may 
further comprise a cryoprotectant as described above. 

[0083] In another preferred embodiment, the inventive method can further comprise at least one dialysis and/or at 
least one homogenization and/or optionally at least one sterile filtration and/or optionally a freeze drying and/or option- 

25 ally a reconstitution step. Dialysis might be necessary to remove the organic solvent or another component from the 
mixture if the concentration of the solvent is too high and/or the solvent is detrimental to the stability/overall quality of 
the nanoaggregate. If the nanoaggregates do not have the desired size distribution, an additional homogenization step 
can be performed subsequently. This can be performed by extrusion through a membrane with defined pore size, high 
pressure homogenization, ultrasound treatment, high speed homogenization or any other homogenization technique 

30 well known in the art. 

[0084] Angiogenesis associated diseases are dependent on blood supply. The local interruption of the vasculature 
will produce an avalanche of cell death. The vascular endothelium is in direct contact with the blood. It is contemplated 
that a variety of diseases including human diseases can be prevented and/or treated with the foregoing methods and 
compositions. In a preferred embodiment, a composition, a colloidal nanoaggregate or a pharmaceutical formulation 

35 as provided by the present invention can be used for preventing and/or treating a disease such as cancer, a variety of 
inflammatory diseases, diabetic retinopathy, rheumatoid arthritis, dermatitis, psoriasis, stomach ulcers, macular de- 
generation, hematogenous and solid tumors. In a further preferred embodiment, the invention can be applied for pro- 
ducing a medicament for preventing and/or treating solid tumors and their metastases such as bladder, brain, breast, 
cervical, colorectal, endometrial, head and neck or kidney cancer, leukemia, liver or lung cancer, lymphoma, melanoma, 

40 non-small-cell lung, ovarian, pancreatic or prostate cancer. Particularly, the targeted cells are endothelial cells. 

[0085] A further objective of the present invention is producing a medicament for the selective delivery of a taxane 
drug with antimitotic activity to an angiogenic vascular target site, wherein delivery comprises the steps of 

a) providing a composition and/or a colloidal nanoaggregate and/or a pharmaceutical composition of the invention, 
45 b) administering said composition and/or colloidal nanoaggregate and/or pharmaceutical composition to a subject 

in need thereof, 

c) allowing the composition and/or colloidal nanoaggregate and or pharmaceutical composition to associate with 
the target site and 

d) releasing said taxane drug or said derivative at the target site. 

50 

[0086] Preferably, step d) comprises not only liberating said taxane derivative from the associated cationic amphiphile 
but also cleaving the said negatively charged moiety from the taxane drug, e.g. by hydrolysis of a covalent bond, to 
allow the taxane drug to effect its anti tumor activity. 

[0087] In a preferred embodiment, the method comprises cellular uptake of the taxane drug or the taxane drug 
55 derivative. The uptake mechanism may comprise uptake of the colloidal nanoaggregate at the target site via endocy- 
tosis and/or fusion with the cell membrane followed by the release of the taxane drug or taxane drug derivative as 
described above (step d). An alternative mechanism is that the taxane drug or taxane drug derivative is released on 
the extracellular site of the cell membrane followed by permeation across the membrane to enter the cell. 
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,00881 Thefolfcwingexa^ess^ 

oZ geneTand specific configurations will be apparent to those sidled n the art. 
Examples 

1. Synthesis of Compositions of Derivatized Anionic Taxanes and Cationic Amphiphi.es 
1 1 Synthesis of Succinyl Paclitaxel 

[MM1 ^ was - ^ ST 1 ^ " " " 

paclitaxel. Rf (silica gel, TLC plates) was 0.42 in chloroform-methanol (90.10). Yield. 84 
Structural Characterization: 

( ofsu^ y .paditaxe.is — 



20 



25 



30 



35 



eters of the applied HPLC method are outlined in Table 1 : 

Table 1 

HPLC method for purifying succinyl paclitaxel 



Flow rate 
Wavelength 
Injected volume 
Mobile phase 

Column 
Retention Time 



1 ml/min 
229 nm 
20 ui 



40 



45 



50 



55 



2L*mn mM ammonium acetate buffer (pH 5), 32/12/56 (v/v/v). P H 4.7 (adjusted with 

LictoS^SO^, LiChrospher 60. RP-se,ect B (Precolumn: 8/4 Lichrospher 100-5 C18) 
Paclitaxel: 17-20 min succinyl paclitexel: 7-10 min 

12 Synthesis of Other Anionic Derivatives of Paclitaxei and Succinyl-Docetaxel 

[0 0911 Following the procedure pub.ished by Damen [Damen et.ai. Bioorg^Med. Chen, 2000. 8, 427-432, the 
2'malyl paclitaxel is prepared in a 3-step reaction sequence .^^Ts^Tsed to synthesis 2'-adi P yl paclitaxel 
[0092] The procedure applied for the synthesis of succmyl pachtaxel sa.sc use V xe| 
! ns Jd of the succinyl anhydride adipy. chloride or^ 

1 3 Synlhesis of Succinyl PaollMml-OOTAP ($ u ccTXLJ)OTAP) 

PW, Th. SuccTXL-DOTAP » shown I" FW» 2 * •« - «•"* 



iNMR-speclroscopy (Bmker 400 MHz. CDCIjCD.OD J.l. TO 2.36 (m, 4H; 2-CHj). 

CHJ, 1.23 (m. 40H; «4,od 12-17^. 1.K(rn, ■ m ° 2 , K„ H) 447 (m. lit OCHH). 5.34 (m. 4H. 
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162 (s, 3H, C19-H), 1.76 (s, 3H, C18-H), 2.2 (m, 2H, C14-H), 2.22 (s, 3H, C10-OAc), 2.43 (s f 3H, C4-0Ac), 2.6 (m, 
14H. 16H), 2.22 (s, 3H, OAc), 2.43 (s, 3H, OAc), 2.6 (m, 4H, CH CH ), 3.34 (d, 1H, C3-H), 4.17 (d t 1H. C20-H), 4.48 
(d, 1H t C7-H), 4.96 (dd, 1H, C5-H), 5.51 (d, 1H, C29-H), 5.67 (d, 1H, C2-H), 6.21 (t, 1H, C13-H), 6.27 (s, 1H, C10-H), 
7.07 (d, 1H, NH), 7.3-8.1 (m. 15H, arom.). 
5 Elemental analysis data confirm the structure. 



1.4. Synthesis of Further Succinyl Paclitaxel-Cationic Amphiphiles (SuccTXL-CA) 



10 



15 



20 



[0097] Compositions containing succinyl paclitaxel and other cationic amphiphiles are prepared based on the pro- 
cedure as applied for SuccTXL-DOTAP. SuccTXL-cationic amphiphile compositions are prepared with an cationic am- 
phiphile selected from the following list: 



DSTAP 
DMTAP 
DODAP 
DSDAP 
DMDAP 



N-[1 -(2,3-distearyloxy)propane]-N,N t N-trimethyl ammonium chloride 
N-[1 -P.S-dimyristoyloxyJpropanej-N.N.N-trimethyl ammonium chloride 
N-[1-(2,3-dioleoyloxy)propane]-N t N-dimethyl amine 
N-[1 -(2 , 3-d istearoyloxy )propane]-N , N-d imethyl amine 
N-[1 -(2,3-dimyristoyloxy)propane]-N,N-dimethyl amine 



[0098] In all cases 1 NMR-spectroscopic and elemental analysis data confirm the chemical structure of the respective 
product. 



2. Liposomal Formulations of SuccTXL-DOTAP 



25 [0099] Liposomes are formed by lipid film method or ethanol injection but also other methods can be applied. Lipo- 
some preparation employing the lipid film method and the ethanol injection are described in the following. The inventive 
SuccTXL-DOTAP composition is formed in-situ during the preparation. An alternative synthesis of the composition in 
a first step and subsequently formulating has been compared with the in-situ preparation without showing a difference 
in the result. 

30 

2.1. Liposome Preparation via Lipid Film Method 

[0100] Liposomal formulations comprising the SuccTXL-DOTAP are prepared using the lipid film method as follows: 
The lipids and succinyl paclitaxel are dissolved in chloroform in a round bottom flask. The flask is then rotated under 

3 5 vacuum (100 to 200 mbar) until a thin lipid film is formed. The lipid film is thoroughly dried at 40 °C under vacuum of 
about 3 to 5 mbar for approximately 60 minutes. The dry lipid film is cooled in an ice bath and is rehydrated with a cold 
(4 °C) glucose or trehalose solution (pH 5-6) resulting in a suspension of multilamellar lipid vesicles at a total concen- 
tration of about 10 to 20 mM. Once a homogeneous dispersion is formed (after 15-20 min) the liposomal dispersion is 
extruded (filtration under pressure) at temperatures between 4 °C and 40 °C, between 1 and 5 times through polycar- 

40 bonate membranes of appropriate size, typically between 100 and 400 nm. Preferably, the liposome preparation is 
performed at a temperature of 4 °C due to observation (HPLC-monitored) that formation of degradation product is 
significantly reduced compared with preparations at higher temperatures. The formed liposomal dispersion are char- 
acterized by measuring the concentration of each component (HPLC) and by determination of the zeta potential and 
the liposomal size using standardized procedures. Liposomes comprising DOTAP with or without DOPC and Suc- 

45 cTXL-DOTAP are formed with molar ratios as shown in Table 2 and Table 3: 



Table 2: 



Liposomal formulations containing SuccTXL-DOTAP, DOTAP and DOPC 


Formulation 


Liposomal Composition 


Liposomal Size 


Zeta Potential 








(PI) 


[mV] 




Theoretical 


Measured 






DOTAP/DOPC/SuccTXL 


50/47/3 


50.6/46.1/3.2 


184 nm (0.20) 


58 


DOTAP/DOPC/SuccTXL 


50/45/5 


49.8/44.3/5.9 


187 nm (0.16) 


54 


DOTAP/DOPC/SuccTXL 


50/43/7 


50.8/43.1/6.1 


170 nm (0.11) 


53 


DOTAP/DOPC/SuccTXL 


50/41/9 


50.7/40.8/8.5 


178 nm (0.19) 


53 


DOTAP/DOPC/SuccTXL 


50/39/11 


49.7/39.0/11.3 


175 nm (0.16) 


50 
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Formulation i Liposomal Composition 



DOTAP/DOPC/SUCCTXL 
DOTAP/DOPC/SuccTXL 
DOTAP/DOPC/SuccTXL 



Theoretical 



50/37/13 
50/35/15 
50/33/17 



Measured 
51.0/37.7/11.3 



51.7/35.6/12.7 
52.5/33.6/13.9 



Liposomal Size 
(PI) 



161 nm (0.10) 
171 nm (0.22) 
205 nm (0.50) 



Zeta Potential 
[mV] 



52 
50 
50 



Table 3: 



TJ^^^ SuccTXL-r W and DOTAP 

U posomal | Liposomal Size [nm] 

Composition I ( Pl ) 



Formulation 
Formulation 



DOTAP/SuccTXL 
DOTAP/SuccTXL 




Measured 

89.7/10.3 
86.9/13.1 



185 (0.40) 
162 (0.10) 



Zeta Potential 
[mV] 

~62~ 
60 



W -ployingthelipid— ^ 

ng to SuccTXL) can be formulated as ^^.^^^LtxL). However, this trend is not observed 

SuccTXL-DOTAP content from abou 3 up to 17 moU (a "jntogto afected by the liposomal composition. 

for formulations without DOPC. The hposomal ^.^iimP w prepared. The loading ca- 



2.2. Liposome Preparation via Ethanol Injection Method 



[01031 Liposomal suspensions en be obtained by the so = XXS^^2^^ 
nven/ive composition typically in ethanol f™""^ is performed at a 

tains glucose or trehalose at an ^ p ^ C ^^ 

temperature of4»C due to observation (HPLC-monrtor^ so|utjon jn ethan0 , „ , njectea 

compared with preparations at higher ^^J^^^^ 0 f 400 mM. However, concentrations 
under vigorous stirring. Typically to >™™™™ g of ^^™J^ 0B ^ fl |t 1 . l wp^l|«c^ 
differentfrom that vaiue (200 mM, ^^^^"^K medium size of the resulting liposomes can 
formulation is usually in the range betoeen 2.5j and 5 A. h. , JJ*JJ Qn Ag gn a|lernative t0 ethanol, other 

step or freeze drying can be performed. mo , hnf u as described above do not have necessanly the 

[01041 The liposomal suspensions as obta.ned by the methods mm da MM ^ be pef _ 

l ZL size distribution. Therefore, an extrusior ^« T^S^^ J^^. of 200 nm pores 
formed subsequently. In our ^^ZTl ^^^^s formulations that have been prepared v,a 
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Table 4: 





Liposomal formulations prepared via ethanol injection 


5 


Formulation 


Concentration of the Ethanolic 


Liposomal size (PI) 






Solution 












before extrusion 


after extrusion 




DOTAP/DOPC/SuccTXL (50:39:11) 


400 mM 


347 nm (0.4) 


214nm/0.17 


10 


DOTAP/SuccTXL (89:11) 


400 mM 


213 nm (0.23) 


185 nm/0.28 


DOTAP/DOPC/SuccTXL (50:39:11) 


100 mM 


48 nm (0.7) 


(no extrusion) 




DOTAP/SuccTXL (89:11) 


200 mM 


41 nm (0.6) 


(no extrusion) 



3. Liposomal Formulations with Pegylated Lipids 

15 

[0105] Pegylated liposomes are of interest because they are characterized by a prolonged circulation time in the 
blood system due to less interaction with blood components such as e.g. macrophages. 

[0106] Pegylated formulations containing SuccTXL-DOTAP are prepared employing the lipid film or the ethanol in- 
jection method as described above. Preferably, the liposome preparation is performed at a temperature of 4 0C due 
20 to observation (HPLC-monitored) that formation of degradation product is significantly reduced compared with prepa- 
rations at higher temperatures. The pegylated lipid DOPE-PEG2000, where a PEG-chain with a molecular weight of 
2000 Da is covalently linked to the primary amino group of DOPE, is admixed to the respective organic solution con- 
taining the inventive composition and cationic and/or neutral lipids and/ or anionic lipids. Usually, formulations with 5 
mol% DOPE-PEG2000 are formulated. Examples of those are listed in Table 5. 

25 



Table 5: 



Formulations containing pegylated lipids 


DOTAP/DOPC/DOPE 
-PEG/SuccTXL 


Liposomal Size (PI) 


Observation during 
Extrusion (200 nm) 


Liposomal Composition 
determined by HPLC 


50:34:5:11 
50:30:5:15 
50:28:5:17 


232nm (0.17) 
232nm (0.17) 
245nm (0.47) (before 
Extrusion) 


no problems 
little problems only in 
impossible impossible 


53.8:29.9:5.0:11.3 
50.7:28.0:4.9:16.4 
50.2:27.7:4.7:17.4 



[0107] Liposomal size and PI values show a successful liposome preparation. As measured, the liposomal size is 
typically increased by 30-50 nm compared with the non-pegylated liposomes. Whereas formulation with 11 and 15 
mol% SuccTXL can be extruded without problems, the 17 mol% formulation is not homogeneous and the extrusion 
step can not be performed due to blockage of the extrusion m membrane. In all cases HPLC analytic data support the 
overall successful preparation of first pegylated liposomes containing the inventive composition. 



4. Physicochemical Stability of Liposomal SuccTXL-DOTAP 

[0108] In order to investigate stability, SuccTXL-DOTAP containing liposomes (5% glucose) which are prepared fol- 
lowing the lipid film method are stored for up to 30 days at 4 °C. At various time points the concentration of each 
component is determined (HPLC) and the formulations are characterized by liposomal size, zeta potential measure- 
ments and by determination of possible precipitation (microscopic evaluation). In addition, the chemical stability of 
succinyl paclitaxel is studied by determination of the released paclitaxel based on HPLC analysis. Long-time stability 
of various liposomal formulations monitored by the SuccTXL content (mol%) and the paclitaxel released from SuccTXL 
is shown in Figure 3. 

[0109] The liposomal SuccTXL-DOTAP content in Fig. 3 refers to the total amount of lipid and is given as mol% of 
SuccTXL content. The paclitaxel release from the SuccTXL component of SuccTXL-DOTAP in Fig. 3 is calculated 
based on the initial amount of the SuccTXL component in the liposomes and is given as mol%. The results indicate 
very stable liposomal SuccTXL-DOTAP formulations with and without DOPC. 
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5 Lyophilization of Liposomal SuccTXL-DOTAP 

or by .ttarol »Mon (as *scnbed abo»«) or to « rtndanl pn*x»l 

volume of pure water are listed in Table 6. 

Table 6: 



10 



15 



20 



Formulation 



Theoretical 



50/39/11 
50/39/11 



Liposomal Size 
(PI) 



49.7/39.0/11.3 
497/40.5/9.8 



196 nm (0.03) 
200 nm (0.13) 



Zeta 
Potential 



25 



30 



35 



40 



45 



50 



55 



i nnpr arp easilv formed by reconstitution of the lyophilisates. The 

10112] Liposomal formulations wrth and without ^ « ^^Ite lhe lyophilization process. The average 
Loved water volume was ^*™n^ 

volume is taken of 5 different via s Before . use J a|low total degasif.cation of the samp.e. The 

the lyophilization procedure as indicated by the HPLC data. 

6 Physicochemical Stability of Lyophilized Liposomal SuccTXL-DOTAP 

|^=^^^ 

The compositions of the tested formulations are shown in Table 7: 



Lvophilized liposomal formulations ^_ 


Formulation 


Liposomal Composition 


DOTAP/DOPC/SuccTXL (10 mM total cone.) 
DOTAP/DOPC/SuccTXL (20 mM total cone.) 

DOTAP/SuccTXL (10 mM total cone.) 

DOTAP/SuccTXL (20 mM total cone.) 


50/39/11 
50/39/11 
89/11 
89/11 



sates Whereas the concentrations of the lipu 

S'Se". room temperature results in the formation of 10-13 mo,/, paclitaxe. with respect to the initial con- 
centration of SuccTXL after 24 h (see Figure 5). 



components ao noi cnanye <« a «..w - — - 

S noL of the formulations reveals a si g nif, ? n* ins ta ^ of^o soma 
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7. In Vitro Experiments 

[0117] The efficacy of the liposomal succinyl paclitaxel formulation is determined in vitro by analysing the decrease 
of cell viability in correlation to the drug concentration. The drug concentration at which cell viability is inhibited to 50 

5 % (IC 50 ) is used as index for the inhibitory potential. 

[0118] A-375 (human melanoma cell line) and Ea.Hy 926 cells (transformed human endothelial cell line) are seeded 
at a constant density (2x 10 4 /cm 2 ) in 24-well plates and cultivated over night at conditions of 5-5.5 % C0 2 , 37 °C and 
-90% humidity. At day 1 , cell culture medium is replaced by a mixture of fresh medium and a series of 11 consecutive 
drug dilutions is added to each well (duplicates) to cover a range between 0.1 and 1000 nM final drug concentration. 

10 After 72 h, the cell viability in each well is determined by measuring the activity of mitochondrial dehydrogenases (MTT 
assay). In viable cells the MTT substrate is converted to a blue, cell impermeable dye (Formazan). After 1 h the medium 
is removed, cells are lysed with isopropanol/0.04 % HCI and the amount of the blue Formazan given as optical density 
at a wavelength of 550 nm (OD 550nm ) is quantitated in an ELISA reader. The experiment is evaluated using the Sigma 
Plot analysis software by plotting the mean OD 550nm value against the respective drug concentration. A best fit curve 

15 is calculated based on a double-sigmoid assumption algorithm and the IC 50 value is determined according to this best 
fit curve with results as shown in Table 8. 



Table 8: 



20 



25 



Tested formulations and their IC 50 values 


Formulation 


IC 50 (A-375) 


IC 50 (Ea.Hy 926) 


Taxol® 


2nM 


3nM 


SuccTXL 


10 nM 


17 nM 


DOTAP/DOPC/SuccTXL (50/39/11) (LipoSpa 50) 


12 nM 


28 nM 



8. In Vivo Experiments 



[0119] NMRI-nude mice were obtained from Elevage Janvier and housed in isolated ventilated cages under save 
environmental conditions (SPF facility, 22 °C, 30-70 % humidity, 12 h light/dark cycle) with food and water ad libitum. 
Experimental design was reviewed and approved by local authorities. 

[0120] Mice were assigned to the experimental groups (8 animals per cage), housed and handled (including moni- 
toring of the body weight gain) at least five days before tumor inoculation (= day -6 to 0). Tumor cells (A-375 human 
melanoma cell line, ATCC Nr.: CRL-1619) were grown as described in the data sheet supplied by ATCC. Tumor cells 
(5 X 10 6 in PBS) were inoculated s.c. in the right dorsal flank of mice in a volume of 50 u.l on day 0. 
[0121] Drug treatment started after the tumors reached a volume of approximately 100 mm 3 . The drugs were given 
by iv injection, three times a week (Mo, Wed, Fri) for the following three weeks at equitoxic doses. The drugs were 
prepared as described. Equitoxic doses of the compounds had been determined in previous experiments, where toxicity 
was evaluated based on hematological parameters, body weight and clinical observations. The solutions were admin- 
istered slowly in a volume of —10 uJ/g body weight. 

[0122] Animals were clinically monitored during the whole experiment and for at least one week after treatment was 
finished. Monitoring of tumor size was performed three times a week after start of treatment, before each application, 
during the treatment period and during the recovery period (at least one week). The tumor dimensions were measured 
by calliper and the tumor size was calculated according to the following formula: V = (LWy/6 (L = greatest length, W = 
width of perpendicular axis). The body weight of each individual animalswas monitored at least twice during handling 
period (e.g. day -6 and 0), after tumor inoculation, after start of treatment and during recovery period (at least one 
week) for all groups. EDTA blood was collected from the retrobulbar plexus at four different points: during handling 
(day -3), start of treatment (day 7), in the middle of treatment (-day 21 ) and at the end of the recovery period (day 28) 
from 4 animals of all treatment groups for hematology. The number of red and white blood cells and platelets were 
determined using an automated cell counter (Abbott Cell Dyn 3500). 

[0123] Experimental design and results of the animal experiments are shown in Figure 6 and Table 9. Whereas 
tumors in the control group showed a rapid and progressive tumor growth, all drug formulations reduced the tumor 
growth rate. Whereas both SuccTXL-DOTAP formulations showed a strong reduction in the tumor growth rate, Taxol® 
(reduced the tumor growth only to a limited extent. 
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Table 9: 



joctPri formulations and doses 




Group 


Drug/Formulation 


Dose [mg/kg] 


Animals per Group 


0 


5 % Glucose 




8 
8 

8 

8 


1 
2 
3 


LipoSpa 50 
DOTAP/DOPC/SuccTXL (50/39/11) 

LipoSpa 89 
DOTAP/SucctXL (89/11) 
Taxol® 


12.5 
10.0 
5.0 



1 9. Human Therapy Treatment Protocol 

off and the tumor is killed without treating .t d.rectly |t ls contemplated that such methods 
[0126] Methodsoftreatingsuchpatientsusing^ 

SS TSJSSTS conducting a Cinical trie,, including patient treatment and monitoring, wi.l be known 
to those of skill in the art in light of the present disclosure haye ^ tQ 

[0128] For regulatory approval P"^ 8 ; ' 

====== 

evel should be dependent upon the tox,c.ty ac h.eved aft ereach Hence 

single infusion, or at a particular period of time for a steady rate ^^^^^J 

rate infusion stopped un.ess toxicity improved. ^T^^^^S^^^ « 2/3 ° f this 
approximately 60% of patients showed unacceptable Grade III or IV tox.city in any caiego y 

value would be defined as the safe dose. Iahnratnrv tPS ts should be performed before treatment and 

experimentation in light of the present disclosure^ ^ rf ^ t variat ions may be applied 

described in termsof preferred embodiments, .twill beapparentto th^ 

to the composition, methods and in the steps or m the equence of s eps J »he method de^ 



16 



EP1 374 864 A1 

ards as required by FDA organization. 
Administration and dosing 

5 [0135] The present invention includes a method of delivery of a pharmaceutically effective amount of the inventive 
formulation of a low molecular weight compound to an angiogenic vascular target site of a subject in need thereof. A 
"subject in need thereof refers to a mammal, e.g. a human. 

[0136] The route of administration comprises peritoneal, parenteral or topic administration and the formulations are 
easily administered in a variety of dosage forms such as injectable solutions, drug release capsules and the like. 

10 [0137] For use with the present invention the term "pharmacologically effective amount" of a compound administered 
to a subject in need thereof (which may be any animal with a circulatory system with endothelial cells which undergo 
angiogenesis) will vary depending on a wide range of factors. The amount of the compound will depend upon the size, 
age, sex, weight, and condition of the patient as well as the potency of the substance being administered. Having 
indicated that there is considerable variability in terms of dosing, it is believed that those skilled in the art can, using 

15 the present disclosure, readily determine appropriate dosing by first administering extremely small amounts and incre- 
mentally increasing the dose until the desired results are obtained. Although the amount of the dose will vary greatly 
based on factors as described above, in general, the present invention makes it possible to administer substantially 
smaller amounts of any substance as compared with delivery systems which target the surrounding tissue e.g., target 
the tumor ceils themselves. 

20 [0138] The pharmaceutically effective amount of a therapeutic agent as disclosed herein depends on the kind and 
the type of action of the agent. For the examples mentioned herein, it is within the range of about 0.1 to about 20 mg/ 
kg in humans. Typically, for paclitaxe! derivatives doses in the order of about 5 mg/kg are applied. 
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A composition comprising a derivative of a taxane drug with antimitotic activity which has a negative net charge 
(anionic derivative) and at least one amphiphile which has a positive net charge (cationic amphiphile), wherein 
said cationic amphiphile is a non-single chain amphiphile. 

The composition of claim 1 , wherein said taxane drug is selected from paclitaxel or docetaxel. 

The composition of claim 1 or 2, wherein said anionic derivative is a taxane drug modified with a moiety having a 
negative net charge (negatively charged moiety). 

The composition of any one of the claims 1 to 3, wherein said moiety is linked to the 7- or the 2-hydroxyl group of 
the taxane drug, preferably to the 2-hydroxyl group. 

The composition of any one of the claims 1 to 4, wherein said moiety is linked via an ester or an ether bond, 
preferably an ester bond. 

The composition of any one of the claims 1 to 5, wherein said moiety is selected from a molecule having at least 
one acidic group such as lactic acid, citric acid, succinic acid, glutaric acid, maleic acid, fumaric acid, malonic acid 
or adipic acid. 

The composition of any one of the claims 1 to 6, wherein said composition is virtually free from the unmodified 
taxane drug. 

The composition of any one of claims 1 to 7, wherein said cationic amphiphile is selected from lipids, lysolipids or 
pegylated lipids with a positive net charge, preferably a cationic amphiphile with a tertiary amino or a quaternary 
ammonium group such as N-[1-(2,3-diacyloxy)propyll-N,N-dimethyl amine or N-[1-(2,3-diacyloxy)propyl]-N,N,N- 
trimethyl ammonium. 

The composition of any one of the claims 1 to 8, further comprising at least one amphiphile which has a negative 
and/or neutral net charge (anionic and/or neutral amphiphile), preferably from sterols or lipids such as cholesterol, 
phospholipids, lysolipids, lysophospholipids, sphingolipids or pegylated lipids with a negative or neutral net change 
such as diacylphosphatidylcholine. 
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10. A colloidal nanoaggregate comprising a composition of any one of the claims 1 to 9, having an overall positive 
charge. 

11 The nanoaggregate of claim 10 comprising an excess of posttive.y charged moieties of at .east 20 %, preferably 
' at least 30 % and most preferably at least 40 % in the outer molecular layer. 

12. The nanoaggregate of claim 10 or 11 , which is present as an emu.sion droplet, a liposome, a mice.le or a nano- 
particle. 

13. The nanoaggregate of any one of the claims 10 to 12, comprising about 1 to 50 mol %, preferably 8 to 20 mo. % 
of a derivative of a taxane drug. 
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30 



or sorbitol. 



acceptable carrier, diluent and/or adjuvant. 

17. A method of producing the colloidal nanoaggregate of any one of claims 10 to 1 5 comprising the steps of 

a) providing a derivative of a taxane drug with antimitotic activity which has a negative net charge (anionic 

h^aMociatinasaid derivative with a cationic amphiphile which has a positive net charge (cationic amphiphile) 
SSS^^SS further amphiphL which has a positive, negative and/or neutra. net charge 
(cationic, anionic and/or neutral amphiphile) forming a colloidal nanoaggregate. 

18. The method of claim 17, wherein step b) and c) comprise forming said nanoaggregate by a homogenisation, a 
lipid film or by a solvent injection procedure. 

35 19. The use of a pharmaceutical preparation of claim 1 6 for producing a medicament for treating and/or preventing a 
disease characterized by enhanced angiogenic activity. 

20. The use of claim 19, wherein the taxane drug is provided at an angiogenic vascular target site by 

40 a) liberating said derivative of a taxane drug from the associated cationic amphiphile and/or 

b) cleaving off said negatively charged moiety, e.g. by hydrolysing a covalent bond. 
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Figure 1 : Synthesis of succinyl paclitaxel 
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2: Chemical structure of SuccTXL-DOTAP 
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Figure 3: Liposomal SuccTXL content and paclitaxel (TXL) release 
during storage at 4 °C 



Liposomal SuccTXL Content 



16 
14 
12 
10 
8 
6 
4 
2 
0 





— o— 11mol% with DOPC 
-+-11mol% without DOPC 

13mol% with DOPC 
-»-15mol% with DOPC 
_-fc_15mol% without DOPC 
_#_17mol% with DOPC 



















u 
u 

CO 
-«-» 

c 

2 
c 
o 
o 



10 20 30 

Storage Time [days] 



40 



TXL Release from SuccTXL 



30 
25 
^ 20 

O 
</> 
(0 

*> 15 
o 



10 



.10 20 • 30 

'Storage time [days] 





11moi% with DOPC 
— *-11mol% without DOPC 
-*-13mo!% with DOPC 
-»-15mol% with DOPC 
«-! *-15mol% without DOPC 
-*-.17mol% with DOPC 















40 



21 



EP 1 374 864 A1 



Figure 4: P,dH«.l fro*, succiny. p.CH.«.« - * *C 
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Figure 5: Paclitaxel release from 



succinyl paclitaxel at room temperature 
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Figure 6: Tumor growth after treatment with SuccTXL-DOTAP formulations 
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